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© A solid state image pick-up apparatus including 
an objective lens for forming an image of an object, 
and a color separation optical system for dividing 
said image of the object into four color images, e.g. 
first and second green images, a red image and a 
blue image, one of said four color images being right 
and left reversed, first to fourth solid state image 
sensors for receiving said four color images respec- 
tively to derive first and second green color signals, 
a red color signal and a blue color signal. Light 
receiving elements of said first solid state image 
sensor are shifted with respect to those of the sec- 
ond solid state image sensor by a half of a pitch at 
which these light receiving elements are arranged in 
a horizontal scanning direction to perform a so-called 
offset-site pick-up. The first and second green image 
signals are mixed with each other at an ideal ratio of 
1:1 to derive a green color signal. An image signal 
derived from one of said four solid state image 
sensors which receives said right and left reversed 
image is processed by a reverse circuit. Said green 
color signal, red color signal and blue color signal 
are supplied to a luminance matrix and are mixed 
therein to produce a luminance signal having a high 



resolution. 
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The present invention relates to a solid state 
image pick-up apparatus, and more particularly to a 
color solid state image pick-up apparatus compris- 
ing a color separation optical system for dividing 
an image of an object to be picked-up into red, i 
green and blue color images and a plurality of solid 
state image sensors for receiving these color im- 
ages. 

In the solid state image pick-up apparatus, a 
charge coupled device (CCD) has been generally r, 
used as a solid state image sensor. Not only in 
video cameras for domestic use, but also in televi- 
sion cameras for broadcasting use, CCD camera 
has been widely used. In order to improve the 
resolution of the CCD camera, a lot of works have n 
been done for increasing the number of light re- 
ceiving elements in CCD. However, this approach 
has a limitation due to a limitation in miniaturiza- 
tion. Further, when the number of light receiving 
elements is increased, an aperture of one element 2c 
is reduced, so that S/N, sensitivity and dynamic 
range are liable to be decreased. Therefore, the 
aperture of the light receiving element could be 
reduced only to a limited extent. 

In order to mitigate the above mentioned 25 
drawback, a so-called offset-site pick-up method 
has been proposed. Fig. 1 illustrates a known color 
television camera using the offset-site pick-up 
method. An image of an object to be picked-up is 
formed by an objective lens 10 and the thus 30 
formed image is separated by a color separation 
optical system 11 into red, green and blue color 
images. These color images are picked-up by 
means of respective solid state image sensors, i.e. 
CCDs 12R, 12G and 12B. As shown in Fig. 2A, 35 
light receiving elements of the CCDs 12R and 12B 
receiving the red and blue color images, respec- 
tively are shifted with respect to light receiving 
elements of the CCD 12G viewed in a main scan- 
ning direction, i.e. in a horizontal scanning direction 40 
substantially by a half of a pitch P at which the 
light receiving elements of these CCDs are ar- 
ranged regularly in the horizontal scanning direc- 
tion. 

Color image signals read out of CCD 12R, 12G 4s 
and 12B, respectively are supplied to correlated 
double sampling circuits 13R, 13G and 13B, re- 
spectively to derive red, green and blue image 
signals. In order to make phases of these color 
image signals identical with each other, the green 50 
image signal is supplied to a delay circuit 14 
having a delay time t which corresponds to a time 
interval during which a distance of a half pixel pitch 
is scanned. The red, green and blue image signals 
having the identical phases are supplied to low 55 
pass filters 15R, 15G and 15B, respectively to 
remove high frequency sampling noise, and then 
are supplied to image processing circuits 16R, 16G 



and 16B, respectively. The red, green and blue 
image signals are further supplied to variable delay 
circuits 17R, 17G and 17B, respectively to com- 
pensate remaining small phase differences. 

The thus obtained color image signals are sup- 
plied to a matrix circuit 18 and are combined 
therein at a given ratio to derive a luminance signal 
Y. In NTSC standard, the red, green and blue 
image signals are mixed at a ratio of 
0.30:0.59:0.11. Then, the thus obtained luminance 
signal Y is amplified by an amplifier 19. In this 
manner, in the color television camera using the 
offset-site pick-up method, the color image signals 
are spatially sampled such that the red and blue 
pixels R and B are arranged between adjacent 
green pixels G as depicted in Fig. 2B, so that the 
resolution of the luminance signal Y obtained by 
mixing these image signals is apparently increased 
twice and a folding alias component which might 
deteriorate the quality of a reproduced image is 
reduced. 

In the known color television camera using the 
offset-site pick-up, as far as a single color channel 
is concerned, the number of pixels of a CCD is not 
increased at all, and thus the resolution is not 
increased and the folding alias component or pseu- 
do signal is not decreased. This is due to the fact 
that a spatial low pass filter, i.e. optical low pass 
filter arranged between the objective lens 10 and 
CCDs is designed such that the maximum effect 
could be attained for the luminance signal Y ob- 
tained by the offset-site pick-up. This will be ex- 
plained furthermore. 

In CCD having 400,000 pixels, a sampling fre- 
quency is about 14 MHz. When this CCD is used 
in the offset-site pick-up camera, the sampling fre- 
quency is increased twice and becomes about 28 
MHz. Therefore, if a low pass filter having a cut-off 
frequency which is a half of the sampling fre- 
quency is provided before or after the sampling 
circuit, there is not produced the pseudo signal 
owing to the Nyquist theory. Therefore, in the 
known color television camera comprising three 
CCDs, the spatial low pass filter is designed to cut 
off a spatial frequency component higher than 
about 14 MHz so that the pseudo signal is sup- 
pressed in the luminance signal. This will be ex- 
plained further in detail with reference to Fig. 3. 

As explained above, in the offset-site pick-up 
camera, the sampling frequency is apparently in- 
creased twice as compared with a single CCD 
camera. In CCD having 400,000 pixels, the re- 
sponse is increased up to twice of the sampling 
frequency, i.e. about 28 MHz. Fig. 3A illustrates the 
response of the luminance signal Y and alias com- 
ponent when the spatial low pass filter is not pro- 
vided. In this case, the folding alias component 
appears largely in the lower frequency region. Fig. 
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3B shows the response of the spatial low pass filter 
having the cut-off frequency of 14 MHz. and Fig. 
3C depicts the response of the luminance signal Y 
and pseudo signal when the signal having the 
response shown in Fig. 3A is passed through said 
spatial low pass filter. When the spatial low pass 
filter is used, the pseudo signal is reduced to a 
large extent. However, for respective channels, the 
sampling frequency is same as the single CCD 
camera, i.e. 14 MHz, and thus the frequency re- 
sponse of the color signal and alias component is 
represented in Fig. 4A. It is assumed that the solid 
state image sensor has the aperture ratio of 50%. 
Therefore, when the spatial low pass filter having 
the cut-off frequency of 14 MHz is inserted, the 
frequency response becomes as shown in Fig. 4B. 
That is to say, the alias component is hardly re- 
duced. In this case, in order to reduce the alias 
component in respective color channels, it is nec- 
essary to provide a spatial low pass filter having a 
cut-off frequency of 7 MHz. This 7 MHz corre- 
sponds to 560 TL (television line), so that the 
resolution is reduced lower than 560 TL. 

In NTSC standard, the luminance signal Y is 
derived by mixing the red, green and blue color 
signals at the ratio of 0.30:0.59:0.11, and therefore 
when the offset-site pick-up is adopted between the 
green channel and the red and blue channels, the 
mixing ratio of the color signals becomes 0.59:- 
(0.30 + 0.11) = 0.59:0.41. In this manner, the mixing 
ratio deviates from 1:1. Then, the offset-site pick-up 
becomes out of order by an amount which cor- 
responds to a deviation of the mixing ratio from the 
ideal mixing ratio of 1:1. That is to say, the effec- 
tiveness of the offset-site pick-up is reduced by 
about 20%. 

Further, as shown in Fig. 1, there are provided 
the low pass filters 15R, 15G, 15B and image 
signal processing circuits 16R, 16G, 16B between 
the CCDs 12R, 12G, 12B and the luminance matrix 
18, so that the color image signals are liable to be 
affected by the deterioration in the frequency char- 
acteristic and the deviation in time delay between 
the color image signals which affect the effective- 
ness of the offset-site pick-up. For instance, in case 
of using the CCD of 400,000 pixels, the resolution 
is limited to about 700 TL. Particularly, when a 
distance between the CCD and the signal process- 
ing circuit is long, the deterioration in the frequency 
characteristic and deviation in time delay are intro- 
duced, and thus the effectiveness of the offset-site 
pick-up might be further lost. In this manner, in the 
known television camera using the offset-site pick- 
up, it is necessary to strictly manage the time of 
the color image signals between the CCDs and the 
luminance matrix, and if there is a time deviation of 
10 ns between the color image signals derived 
from the CCD of 400,000 pixels, the effectiveness 
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of the offset-site pick-up is no more attained. 
Therefore, the deviation in time has to be sup- 
pressed below said value, but this could be re- 
alized only with difficulty. 
5 Furthermore, the objective lens has chromatic 

aberration and distortion, so that there is produced 
a so-called registration error between the red, 
green and blue color image signals, said registra- 
tion error also affects the effectiveness of the off- 

w set-site pick-up. As the objective lens for the televi- 
sion camera, a zoom lens is generally used. Then, 
there is produced large aberrations. That is to say, 
there are produced an on-axis chrominance aberra- 
tion in which an imaging position is varied in accor- 

75 dance with a zooming ratio and a multiplication 
chromatic aberration in which the imaging mag- 
nification is changed for respective color images in 
a periphery of the image. Therefore, a very large 
registration error is produced and the function of 

20 the offset-site pick-up is further reduced. Such a 
disadvantage also occurs when the registration er- 
ror is generated by a de-focused condition. 

In NTSC standard, it is recommended that the 
objective lens has the registration error smaller 

25 than 10 urn. However, in a newly developed high 
definition television, it is desired to make the reg- 
istration error smaller than 5 urn. However, when a 
1/4 inch CCD having 1,400,000 pixels is used, 
since the pixel pitch P is 7.6 urn (H) x 5.2 urn (V), 

30 an amount of .the pixel shift has to be set to 3.8 urn 
, and thus when the objective lens has the 
chrominance aberration of about 5 to 10 urn, it is 
no more possible to obtain the effective offset-site 
pick-up over the whole image, but the offset-site 

35 pick-up could be effective only in a limited con- 
dition. For instance, the offset-site pick-up is effec- 
tive only in a central portion of the image or at a 
middle of wide and telescopic ends or for F4.0. 
In order to mitigate the above mentioned 

40 drawback, there has been proposed a CCD camera 
using a so-called dual-green system. In this known 
camera, two CCDs are arranged to receive the 
green image and are shifted in the horizontal direc- 
tion by a half of the pixel pitch and one CCD is 

45 used to receive the red and blue images has a 
stripe or mosaic red and blue color filter applied 
thereon. In this case, as far as the green color 
signal is concerned, the ideal offset-site pick-up 
can be obtained and the above mentioned 

so drawback can be overcome, but the resolution of 
the red and blue color signals is reduced by two. 

In Japanese Patent Application Laid-open Pub- 
lication Kokai Sho 60-154781, there is described a 
color television camera, in which the image of the 

55 object to be picked-up is separated into two green 
images, one red image and one blue image and 
these four images are received by four CCDs 
which are arranged in the offset-site pick-up mode. 

3 
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However, in such a known camera, the color sepa- 
ration optical system is liable to be complicated in 
construction and large in size, so that a distance 
between an objective lens fixing surface to the light 
receiving surfaces of CCDs (said distance is gen- 
erally termed as flange back) is becomes long and 
might be beyond a predetermined value. In such a 
case, existing objective lenses could not be utilized 
any more. This is due to the fact that in the color 
separation optical system, it is necessary to avoid 
undesired right and left reverse due to the odd 
numbered reflections. Moreover, in the known cam- 
era, the offset-site pick-up is performed between 
different colors, it is affected by the chrominance 
aberration of the objective lens, so that the offset- 
site pick-up is effective only in a very narrow area. 

When the CCD having 1 ,300,000 pixels is used 
in the dual green camera, 1 250 pixels are arranged 
in a horizontal line, so that the number of pixels in 
one line of each of the red and blue color signals is 
625 pixels. The resolution of this CCD is 700 TL, 
so that for the red and blue images, the resolution 
amounts to only 350 TL. In the current high-vision 
broadcasting, sampling frequencies for digital 
equipments in a broadcasting studio are deter- 
mined to be 74.25 MHz for the luminance signal 
and 37.125 MHz for the color difference signals. 
Therefore, for the luminance signal, an apparent 
sampling frequency becomes 48.6x2 = 97.2 MHz 
which is higher than the sampling frequency for the 
digital equipments connected to the image pick-up 
apparatus, but for the color difference signals the 
apparent sampling frequency is determined by the 
band width of the red and blue color signals and 
becomes 24.3 MHz which is lower than the sam- 
pling frequency of the digital equipments. 

Moreover, for the red and blue channels, there 
is provided only one CCD having the stripe or 
mosaic color filter applied thereon, so that if the 
horizontal transporting efficiency within CCd is low, 
the red and blue color signals are mixed with each 
other and the color separation is deteriorated. 

The present invention has for its object to 
provide a novel and useful solid state image pick- 
up apparatus which can mitigate the above men- 
tioned drawbacks of the known solid state image 
pick-up apparatuses and the resolution can be in- 
creased by reducing the folding pseudo signal 
without decreasing the cut-off frequency of the 
spatial low pass filter and the ideal offset-site pick- 
up can be attained. 

According to the invention, a solid state image 
pick-up apparatus comprises: 

an objective lens for forming an image of an 
object to be picked-up; 

a color separation optical system for separating 
said image of the object into red, green and blue 
color images and further separating one of said 
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red, green and blue color images into two images 
of the same color to obtain four color images, one 
of said four color images being light and left re- 
versed with respect to the remaining three color 

5 images; 

a first solid state image sensor for receiving 
one of said two images of the same color to derive 
a first image signal; 

a second solid state image sensor for receiving 

10 the other of said two images of the same color to 
derive a second image signal, and having light 
receiving elements which are shifted with respect 
to light receiving elements of said first solid state 
image sensor in a horizontal scanning direction by 

15 a half of a pitch at which said light receiving 
elements are arranged in the horizontal scanning 
direction; 

a combining circuit for combining said first and 
second image signals derived from said first and 
20 second solid state image sensors, respectively to 
derive a first color image signal; 

a third solid state image sensor for receiving 
one of the remaining two different color images to 
derive a second color image signal; 
25 a fourth solid state image sensor for receiving 

the other of the remaining two different color im- 
ages to derive a third color image signal; 

a right and left reversing means for deriving a 
right and left reversed image signal from one of 
30 said four solid state image sensors which receives 
the right and left reversed image; and 

a luminance matrix for mixing said first, second 
and third color image signals at a predetermined 
ratio to derive a luminance signal. 
35 In a preferable embodiment of the solid state 

image pick-up apparatus according to the inven- 
tion, a green image obtained by the color separa- 
tion optical system is further divided into first and 
second green images and these first and second 
40 green images are received by first and second 
solid state image sensors whose light receiving 
elements are spatially shifted with respect to each 
other in the horizontal direction by a half of the 
pitch at which the light receiving elements are 
45 arranged in the horizontal scanning direction. Prior 
to deriving the luminance signal, the first and sec- 
ond green signals read out of said first and second 
solid state image sensors are mixed to derive a 
green color signal. Therefore, when use is made of 
so four CCDs each having 400,000 pixels, the sam- 
pling frequency in the green channel becomes 28 
MHz which is equal to the frequency response of 
the luminance signal as shown in Fig. 3A, so that 
the pseudo signal, i.e. alias component can be 
55 reduced although the spatial low pass filter having 
a cut-off frequency of 14 MHz is used. 

Moreover, the first and second green image 
signals derived from the first and second solid 

4 
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state image sensors can be mixed at an ideal ratio 
of 1:1. and thus the offset-site pick-up is always 
maintained and the resolution can be improved. 
Further, the offset-site pick-up is performed within 
the same color channel, and therefore the effect of 
the pixel shift is no more affected by the registra- 
tion error due to the aberrations of the objective 
lens and the de-focusing condition. When the mix- 
ing is performed prior to the signal processing, the 
effectiveness of the offset-site pick-up is not af- 
fected by the deterioration in the frequency char- 
acteristics and the deviation in the delay time al- 
though a length of the transmission line between 
the image pick-up unit and the signal processing 
unit is long. In this manner, the resolution of the 
luminance signal can be improved and the dy- 
namic range can be increased by two. 

In each of the remaining color channels in 
which the offset-site pick-up is not effected, e.g. 
red and blue channels, there is provided only one 
solid state image sensor, and thus the resolution of 
the color signals read out of these solid state 
image sensors is not decreased. Further, the red 
and blue color image signals are not mixed with 
each other although the horizontal transferring effi- 
ciency becomes low. 

Moreover, the color separation optical system 
of the image pick-up apparatus according to the 
invention could be obtained by simply adding only 
one dichroic plane or half mirror plane to the exist- 
ing color separation prism, and thus a whole optical 
system can be made small in size. Therefore, the 
flange back of the television camera is not pro- 
longed, and existing objective lenses can be used 
as they are. In the solid state image pick-up ap- 
paratus according to the invention, one image is 
right and left reversed with respect to the remain- 
ing three images. Therefore, it is necessary to right 
and left reverse the image signal read out of one 
solid state image sensor receiving this right and left 
reversed image. This may be carried out by read- 
ing the relevant solid state image sensor in a right 
and left reversed manner or by processing the 
image signal read out of the relevant solid state 
image sensor through an electric circuit which can 
right and left reverse the image signal. 

Fig. 1 is a schematic view showing a known 
CCD color television camera using the offset- 
site pick-up; 

Figs. 2A and 2B are plan views illustrating the 
arrangement of the light receiving elements in 
the offset-site pick-up camera; 
Figs. 3A is a graph representing the frequency 
response of the luminance signal and pseudo 
signal when a spatial low pass filter is provided. 
Fig. 3B is a graph showing the frequency re- 
sponse of the spatial low pass filter, and Fig. 3C 
is a graph depicting the frequency response of 
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the luminance signal and pseudo signal when 
the spatial low pass filter is provided; 
Figs. 4A is a graph showing the frequency re- 
sponse of the color signal and pseudo signal of 
5 the known solid state image sensing apparatus; 

Fig. 5 is a schematic view illustrating the con- 
struction of an embodiment of the solid state 
image sensing apparatus according to the inven- 
tion; 

10 Fig. 6 is a schematic view denoting the con- 
struction of another embodiment of the solid 
state image sensing apparatus according to the 
invention; and 

Fig. 7 is a block diagram showing an embodi- 

75 ment of the right and left reversing circuit for 
use in the solid state image sensing apparatus 
according to the invention. 
Fig. 5 is a schematic view showing an embodi- 
ment of the solid state image pick-up apparatus 

20 according to the invention. In the present embodi- 
ment, the color separation optical system is con- 
structed such that an image of an object to be 
picked-up is first divided into red, green and blue 
color images and then the green color image is 

25 further divided into first and second green signals. 
The image of the object is formed by an objective 
lens 20 is made incident upon in incident plane 22a 
of a color separation optical system 22 via a spatial 
low pass filter 21. The color separation optical 

30 system 22 comprises a first dichroic plane 22b. 
which reflects a half amount of green light and 
transmits a remaining half amount of the green 
light and red and blue light. The green light re- 
flected by the first dichroic plane 22b is reflected 

35 by the incident plane 22a and emanates from a 
first exit plane 22c. The light transmitted through 
the first dichroic plane 22b is made incident upon a 
second dichroic plane 22d which reflects the green 
light and transmits the red and blue light. The 

40 green light reflected by the second dichroic plane 
22d emanates from a second exit plane 22e. The 
red and blue light transmitted through the second 
dichroic plane 22d is made incident upon a third 
dichroic plane 22f which transmits the red light and 

45 reflects the blue light. The blue light reflected by 
the third dichroic plane 22f emanates from a third 
exit plane 22g. The red light transmitted through 
the third dichroic plane 22f emanates from a fourth 
exit plane 22h. In this manner, the first and second 

so green images emanate from the first and second 
exit planes 22c and 22e, respectively and the blue 
and red images emanate from the third and fourth 
exit planes 22g and 22h, respectively. These first 
and second green images, blue image and red 

55 image are received by first, second, third and 
fourth CCDs 23G-1, 23G-2, 23B and 23R, respec- 
tively. The color separation optical system 22 of 
the present embodiment can be easily obtained by 

5 
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adding to an existing color separation prism one 
dichroic plane, i.e. the third dichroic plane 22f, so 
that the flange back which is defined by a distance 
from a lens fixing plane to respective CCDs can be 
remained within a standard value and thus the 5 
existing objective lenses can be utilized as they 
are. That is to say, it is no more necessary to 
design new objective lenses. 

When the above mentioned color separation 
optical system is utilized, the first and second w 
green images are reflected by two times and the 
red image is not reflected at all, but the blue image 
is reflected only once. Therefore, the blue image is 
right and left reversed with respect the green and 
red images. In the present embodiment, a blue 75 
image signal derived from the green CCD 23B is 
supplied to a reverse circuit 24 to obtain a right 
and left reversed blue image signal. 

The first and second green CCDs 23G-1 and 
23G-2 have light receiving elements which are 20 
shifted in the horizontal scanning direction from 
each other by a half of a pitch at which the light 
receiving elements are arranged in the horizontal 
scanning direction. That is to say, in the present 
embodiment, only in the green channel, the offset- 25 
site pick-up is performed. A first green image sig- 
nal read out of the first green CCD 23G-1 is sup- 
plied to a delay circuit 25 having a delay time 
which corresponds to a time period during which a 
half of the pitch is scanned, i.e. a half of a period of 30 
a horizontal reading out clock. Then, the thus de- 
layed first green image signal and the non-delayed 
second green image signal are mixed in an adder 
26 at a ratio of 1:1 to derive a green image signal. 
According to the present invention, since the two 35 
image signals which are read out of two CCDs 
adopting the offset-site pick-up are mixed at the 
ratio of 1:1, it is possible to perform the ideal 
offset-site pick-up. Moreover, in the present em- 
bodiment, the mixing of the first and second green 40 
image signals is carried out prior to the introduction 
of undesired factors such as the deterioration in the 
frequency characteristics and the fluctuation in the 
delay time which affect the effectiveness of the 
offset-site pick-up, and therefore, it is possible to 45 
attain the high resolution. Moreover, the offset-site 
pick-up is performed in the same color channel, 
and thus the it is not affected by the chromatic 
aberration of the objective lens 20. 

The blue image signal derived from the reverse 50 
circuit 24. the red image signal read out of the 
fourth CCD 23R and the green image signal de- 
rived from the adder 26 are supplied to respective 
signal processing circuits 27, 28 and 29 to effect 
various processings such as correlated double 55 
sampling, gamma correction, gain control and knee 
processing. Then, the blue, red and green image 
signals are supplied to a luminance matrix 30 are 



combined therein at a given ratio to derive a lu- 
minance signal. 

In the present embodiment, in the green chan- 
nel there are provided two CCDs 23G-1 and 23G-2 
to perform the offset-site pick-up, so that the sam- 
pling frequency of 28 MHz can be used and the 
pseudo signal can be highly suppressed together 
with the spatial low pass filter 21 having the cut-off 
frequency of 14 MHz. In this manner, the resolution 
of the luminance signal can be increased. More- 
over, the first and second green image signals are 
mixed with each other at the ideal ratio of 1:1 prior 
to the signal processing which might induce the 
deterioration in the frequency characteristics and 
the deviation in the delay time, and therefore the 
effectiveness of the offset-site pick-up can be at- 
tained optimally. Even if the registration error oc- 
curs between the blue, red and green images due 
to the aberrations of the objective lens 20, the 
effectiveness of the offset-site pick-up can not be 
affected because the pixel shift is performed in the 
same color channel. Furthermore, the size of the 
color separation optical system 22 is substantially 
same as the known color separation prism, and 
thus the flange back can be maintained within the 
standard value and the existing objective lenses 
can be utilized. 

Fig, 6 is a schematic view showing another 
embodiment of the solid state image pick-up ap- 
paratus according to ther invention. In the present 
embodiment, the construction of the color separa- 
tion optical system producing the two green im- 
ages is slightly different from that of the previous 
embodiment shown in Fig. 5 and the offset-site 
pick-up is carried out for the two green images. 
That is to say, a first dichroic plane 31b of the 
color separation optical system is constructed to 
reflect only the blue light and transmits the red and 
green light. The blue light reflected by the first 
dichroic plane 31b is reflected by the incident 
plane 31a and is made incident upon a first exit 
plane 31c. The red and green light transmitted 
through the first dichroic plane 31b is made in- 
cident upon a second dichroic plane 31 d which 
reflects the red light and transmits the green light. 
The red light reflected by the second dichroic 
plane 31 d emanates from a second exit plane 31 e. 
The green light transmitted through the second 
dichroic plane 31 d is made incident upon a half 
mirror plane 31f and a half amount of the green 
light is reflected thereby and emanates from a third 
exit plane 31 g and a half amount of the green light 
is transmitted through the half mirror plane and 
emanates from a fourth exit plane 31 h. 

The single red image, single blue image and 
two green images are received by CCDs 23R, 23B, 
23G-1 and 23G-2, respectively to derive the red 
image signal, blue image signal and first and sec- 



NSDOCID: <EP 0634875A1J_> 



11 



EP 0 634 875 A1 



12 



ond green image signals. The CCDs 23G-1 and 
23G-2 for receiving the first and second green 
images are arranged such that the offset-site pick- 
up is performed between them. That is to say, light 
receiving elements of the CCD 23G-2 are shifted 
with respect to light receiving elements of the re- 
maining CCDs 23R, 23B and 23G-1 by a half of the 
pitch in the horizontal scanning direction. It should 
be noted that the first green image received by 
CCD 23G-1 is right and left reversed with respect 
to the remaining images, so that the first green 
image signal read out of CCD 23G-1 is reversed by 
a reverse circuit 24. Similar to the first embodi- 
ment, the right and left reversed first green image 
signal and the second green image signal delayed 
by a delay circuit 25 having a delay time cor- 
responding to a time period during which a half of 
the pitch is scanned in the horizontal direction are 
then supplied to an adder 26 and are mixed therein 
at a ratio of 1:1 to derive a green image signal 
whose resolution has been apparently improved by 
the offset-site pick-up. Then, the blue image signal 
read out of CCD 23B, the red image signal read 
out of CCD 23R and the green image signal de- 
rived from the adder 26 are supplied to respective 
signal processing circuits 27, 28 and 29, and then 
the processed red, blue and green image signals 
are supplied to a luminance matrix 30. 

Fig. 7 is a block diagram showing a detailed 
construction of an embodiment of the above men- 
tioned right and left reverse circuit 24. The right 
and left reversed input image signal is first sup- 
plied to an A/D converter 33 and is converted 
thereby into a digital image signal. Then, the digital 
image signal is supplied via a first switch 34 to first 
line memory 35 or second line memory 36. In 
these line memories 35 and 36, the digital image 
signal is stored together with addresses. Then, the 
digital image signal stored in these line memories 
35 and 36 are read out in a reversed order with the 
aid of the addresses. The thus read out digital 
image signal is supplied via a second switch 37 
which is driven in synchronism with the first switch 
34 to a D/A converter 38 and is converted into an 
analog image signal which is derived as an output 
image signal. The first and second switches 34 and 
37 are driven by the horizontal deriving pulse and 
are changed at a rhythm of the horizontal scanning 
period. For instance, when the image signal is 
stored in the first line memory 35, the image signal 
is read out of the second line memory 36. In Fig. 7, 
a solid line represents the flow of the image signal 
during a first line period, a broken line denotes that 
during a second line period, and a chain line shows 
that during a third line period. It should be noted 
that during the third line period, the image signal is 
supplied to the first line memory 35, but this is not 
shown in Fig. 7 for the sake of simplicity. In this 
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manner, the right and left reversed image signal 
read out of CCD 23G-1 can be reversed. When the 
above explained reverse circuit is used, the image 
signal derived from the reverse circuit is delayed 
5 by one line period with respect to the remaining 
image signals, but this may be compensated for by 
arranging the CCD 23G-1 such that this CCD is 
shifted upwardly in the vertical direction by one line 
pitch with respect to the remaining CCDs. 

w In order to avoid the deterioration in the resolu- 

tion of the right and left reversed image signal due 
to the conversion at the A/D converter and D/A 
converter, it is sufficient for effect the conversion 
by means of clock pulses having a frequency high- 

75 er than the CCD driving clock frequency. Then, the 
sampling clock might interfere with the CCD driving 
clock. Therefore, in order to avoid such an interfer- 
ence, the A/D conversion and D/A conversion are 
preferably carried out by the sampling clock having 

20 the frequency equal to the CCD driving clock fre- 
quency. When use is made of CCD having 
1,300,000 pixels, one clock period corresponds to 
20 ns and thus the offset-site pick-up is performed 
at a period of 10 ns, and therefore the time man- 

25 agement of the image signal derived from the D/A 
converter has to be effected strictly. 

As explained above, it is preferable to arrange 
the reverse circuit prior to the signal processing, 
but according to the invention the reverse circuit 

30 may be provided within the signal processing cir- 
cuit. 

The present invention is not limited to the 
embodiments explained above, but many alterna- 
tions and modifications may be conceived by those 

35 skilled in the art within the scope of the invention. 
For instance, in the above embodiments, the image 
signal read out of CCD which receives the right 
and left reversed image is reversed by the reverse 
circuit, but according to the invention, use may be 

40 made of a special CCD which can derive a right 
and left reversed image signal. For instance, 
ICX046A manufactured by Sony corporation may 
be advantageously utilized for this purpose. In this 
CCD, it is possible to derive a normal image signal 

45 and a right and a mirror image signal (right and left 
reversed image signal) by changing a manner of 
the horizontal transfer. Further, in the above em- 
bodiments, the offset-site pick-up is performed for 
the green image, but according to the invention the 

so offset-site pick-up may be carried out for red or 
blue channel. Moreover, in the embodiments shown 
in Figs. 5 and 6, the offset-site pick-up method 
may be applied to the red and blue channels in 
addition to the green channel. For instance, the 

55 light receiving elements of CCD 23R may be shift- 
ed with respect to the light receiving elements of 
the CCD 23B by a half of the pitch in the horizontal 
scanning direction. Then, the first green signal read 

7 
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out of the first CCD 23G-1 and the red image 
signal read out of the third CCD 23R have the 
same phase and the second green signal read out 
of the second green CCD 23G-2 and the blue 
image signal read out of the fourth CCD 23B have 
the same phase, which is shifted with respect to 
that of said first green signal and red signal by a 
half of the pitch in the horizontal scanning direction. 

In the solid state image pick-up apparatus ac- 
cording to the invention, the pixel shift is performed 
within the same color channel, and therefore the 
folding pseudo signal can be suppressed without 
lowering the cut-off frequency of the spatial low 
pass filter, so that the resolution can be improved 
to a large extent. Further, the two images of the 
same color are mixed at the ideal ratio of 1:1, and 
thus the offset-site pick-up can be carried out very 
effectively. Moreover, the offset-site pick-up is per- 
formed prior to the signal processing which might 
introduce the deterioration in the frequency char- 
acteristics and the deviation in the delay time, the 
effectiveness of the offset-site pick-up is not af- 
fected and the management of time can be less 
strict. Further, even if the registration error occurs 
due to the aberrations of the objective lens and de- 
focusing condition, this could not affect the offset- 
site pick-up. As compared with the known dual- 
green camera, amounts of light impinging upon the 
solid state image sensors is increased, and there- 
fore the effect of the improved dynamic range can 
be attained. 

Further, color images which are not subjected 
to the offset-site pick-up are received by respective 
solid state image sensors, and thus the resolution 
of these color image signals is not reduced. More- 
over, the color separation optical system can be 
simply realized by adding one half mirror plane to 
the existing color separation prism, and therefore 
the color separation optical system can be small in 
size and the flange back can be remained within 
the standard value. Therefore, the existing objec- 
tive lenses can be utilized as they are. 

The solution according to the present invention 
is very useful when CCD having more than two 
million pixels in the feature. A sampling frequency 
for 2/3 inch CCD with two million pixels is pre- 
dicted to be 74.5 MHz which is equal to that of the 
high definition TV studio standard. When the sam- 
pling frequency for CCD becomes equal to the 
digital sampling frequency in the high definition TV, 
it may be assumed that it would be not necessary 
to increase the number of pixels any more. How- 
ever, in practice it is effective to adopt the offset- 
site pick-up upon considering the response char- 
acteristics and pseudo signal. When the analog 
signal is sampled, the pseudo signal appears as 
long as a signal component higher than the Nyquist 
frequency which is equal to a half of the sampling 
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frequency. For this purpose, the quartz low pass 
filter is provided for CCD and an electrical filter is 
used for the digital processing in the high definition 
TV. The ideal electric filter could be realized, but 

5 the quartz low pass filter has a very low response 
in a vicinity of the Nyquist frequency and it is quite 
difficult to obtain an ideal quartz low pass filter, so 
that the pseudo signal is liable to be remained. 
Contrary to this, when the offset-site pick-up is 

w adopted, it is possible to remove the pseudo signal 
while the decrease in the response characteristics 
can be suppressed. 

Claims 

75 

1. A solid state image pick-up apparatus compris- 
ing: 

an objective lens for forming an image of 
an object to be picked-up; 

20 a color separation optical system for sepa- 

rating said image of the object into red, green 
and blue color images and further separating 
one of said red, green and blue color images 
into two images of the same color to obtain 

25 four color images, one of said four color im- 

ages being light and left reversed with respect 
to the remaining three color images; 

a first solid state image sensor for receiv- 
ing one of said two images of the same color 

30 to deriver a first image signal; 

a second solid state image sensor for re- 
ceiving the other of said two images of the 
same color to derive a second image signal, 
and having light receiving elements which are 

35 shifted with respect to light receiving elements 

of said first solid state image sensor in a 
horizontal scanning direction by a half of a 
pitch at which said light receiving elements are 
arranged in the horizontal scanning direction; 

40 a combining circuit for combining said first 

and second image signals derived from said 
first and second solid state image sensors, 
respectively to derive a first color image signal; 
a third solid state image sensor for receiv- 
es ing one of the remaining two different color 
images to derive a second color image signal; 

a fourth solid state image sensor for re- 
ceiving the other of the remaining two different 
color images to derive a third color image 

so signal; 

a right and left reversing means for deriv- 
ing a right and left reversed image signal from 
one of said four solid state image sensors 
which receives the right and left reversed im- 
55 age; and 

a luminance matrix for mixing said first, 
second and third color image signals at a 
predetermined ratio to derive a luminance sig- 
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nal. 

2. An apparatus according to claim 1, wherein 
said combining circuit combines said first and 
second image signals at a ratio of 1:1. 5 

3. An apparatus according to claim 2, wherein 
said color separation optical system is con- 
structed such that said right and left reversed 
color image is different from said first and w 
second images of the same color. 

4. An apparatus according to claim 3, wherein 
said color separation optical system forms a 

first green image which is received by said 75 
first solid state image sensor, a second green 
image which is received by said second solid 
state image sensor, a red image which is re- 
ceived said third solid state image sensor, and 
a blue image which is received by said fourth 20 
solid state image sensor, and said right and 
left reversing means reverses one of the image 
signals derived from said third and fourth solid 
state image sensors. 

25 

5. An apparatus according to claim 4, wherein 
said right and left reversing means is con- 
structed to reverse the right and left of the 
image signal read out of said one of the third 

and fourth solid state image sensors. 30 

6. An apparatus according to claim 5, wherein 
sard right and left reversing means comprises 
an analog-to-digital converter for converting 

said image signal read out of said one of the 35 
third and fourth solid state image sensors into 
a digital image signal, first and second switch- 
es which are driven in synchronism with a 
horizontal driving signal, first and second line 
memories which store said digital image sig- 40 
nal. and a digital-to-analog converter for con- 
verting the digital image signal read out of said 
first and second line memories into an analog 
image signal, said first and second switches 
being driven such that the digital image signal 45 
is stored in said first and second line memo- 
ries alternatively and is read out of said first 
and second line memories alternatively in a 
direction which is opposite to a direction in 
which the digital image signal is stored in said 50 
first and second line memories to derive a 
right and left reversed digital image signal. 

7. An apparatus according to claim 2, wherein 

said color separation optical system is con- 55 
structed such that said right and left reversed 
color image is one of said first and second 
images of the same color. 



8. An apparatus according to claim 7, wherein 
said color separation optical system forms a 
first green image which is received by said 
first solid state image sensor, a second green 
image which is received by said second solid 
state image sensor, a red image which is re- 
ceived said third solid state image sensor, and 
a blue image which is received by said fourth 
solid state image sensor, and said right and 
left reversing means reverses one of the first 
and second green image signals derived from 
said first and second solid state image sen- 
sors. 

9. An apparatus according to claim 8, wherein 
said right and left reversing means is con- 
structed to reverse the right and left of one of 
said first and second green image signals read 
out of said first and second solid state image 
sensors. 

10. An apparatus according to claim 9, wherein 
said right and left reversing means comprises 
an analog-to-digital converter for converting 
said one of the image signals read out of said 
first and second solid state image sensors into 
a digital image signal, first and second switch- 
es which are driven in synchronism with a 
horizontal driving signal, first and second line 
memories ^which store said digital image sig- 
nal, and a digital-to-analog converter for con- 
verting the digital image signal read out of said 
first and second line memories into an analog 
image signal, said first and second switches 
being driven such that the digital image signal 
is stored in said first and second line memo- 
ries alternatively and is read out of said first 
and second line memories alternatively in a 
direction which is opposite to a direction in 
which the digital image signal is stored in said 
first and second line memories to derive a 
right and left reversed digital image signal. 
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